ABSTRACT To assess the relationship of abnormal flow-volume curves during awake periods to the clinical severity of sleep-disordered breathing and the need for surgical treatment of obstructive sleep apnoea, flow-volume curves were measured in 72 adults with obstructive apnoea. Patients in whom surgery was recommended for standard clinical indications had significantly lower inspiratory flow rates (p < 0.01) and a higher incidence of flow-volume curves indicating extrathoracic airway obstruction (p < 0.01) than did non-surgical patients. These abnormal flowvolume curves correlated with an increased severity of nocturnal oxygen desaturation (p < 0.01). Furthermore, increases in inspiratory flow rates measured serially in 22 patients were related to improvement in their polysomnography (p < 0.05), suggesting that alterations of airway function during awake periods correlate with changes in the severity of sleep apnoea.
Physiological abnormalities that might predispose to upper airway occlusion during sleep have been observed in patients with obstructive sleep apnoea while they were awake.' 2 Flow-volume curves indicating decreased inspiratory flow rates and a configuration consistent with variable extrathoracic airway obstruction (fig 1) are found in about 40% of this population, often in the absence of obvious anatomical upper airway abnormalitites.3 Sanders and coworkers observed a "sawtooth pattern" in the flow-volume curves of patients with sleep apnoea,4 and Perks and colleagues noted abnormal flowvolume curves in patients with Scheie's syndrome' and acromegaly.6 These physiological abnormalities of upper airway function in patients with sleep apnoea are associated with anatomical narrowing of the pharynx demonstrable by computerised tomography.7
Although the flow-volume curve appears to be useful diagnostically in patients with sleep apnoea, the therapeutic implications of this non-invasive test of upper airway function have not been evaluated. Therefore to determine whether the presence of abnormal flow-volume curves correlates with the clinical severity of sleep-disordered breathing and the need for surgical treatment, flow-volume curves were obtained in 72 adults with obstructive apnoea. Serial recordings were made in 22 patients to assess whether alterations in airway function while they were awake occurred with treatment and whether these were associated with changes in breathing patterns during sleep.
Methods
The patients comprised 60 men and 12 women, who were studied at the Baltimore Regional Sleep Disorders Center over a two-year period. All Flow-volume curves and sleep-disordered breathing: therapeutic implications The clinical characteristics of the patients, including age, disordered breathing rate, and the maximum fall of oxygen saturation in non-REM sleep from the baseline level when they were awake and supine are shown in fig 2. The surgical and non-surgical groups were of similar age and had a similar number of disordered-breathing episodes per hour of sleep. All patients experienced clinically important falls in oxygen saturation and these were significantly more severe in the patients who had surgery (p < 0.01). The results of flow-volume curves are shown in table 2. Twenty-five of the 72 patients (35%) had flow-volume curves that were consistent with variable extrathoracic airway obstruction. This finding was not associated with a significantly higher disordered-breathing rate, but was associated with a more severe fall in oxygen saturation. Patients with extrathoracic obstruction had a maximum fall in Sao2I% of 33*0 (20-8) (mean and SD) while those without extrathoracic obstruction had a fall in Sao2% of only 20.9 (12. 3) (p < 0.01). Abnormal curves were obtained in only eight of 47 (17%) referred for medical treatment, but in 17 of 25 (68%) in whom surgery was recommended. This relationship was significant, but might have been accounted for by the patients with obvious anatomical upper airway abnormalities, all of whom had decreased inspiratory flow rates. The association of abnormal flow-volume curves with the requirement for surgery remains significant, however, if analysis is limited to patients dered-breathing rate or the severity of oxygen desaturation (table 2) . Serial pulmonary function studies and polysomnography were performed in 22 patients. All had excessive daytime somnolence, abnormal disordered-breathing rates, and large falls in oxygen saturation during sleep. Treatment consisted of the following: 16 patients received drug treatment (14 protriptyline, two amitriptyline), three had upper airway surgery (one tonsillectomy, two uvulopalatopharyngoplasty), one with obvious tonsillar hypertrophy refused surgery and was treated with a cervical collar, and two refused all treatment. According to the criteria previously described, 11 of these patients (seven having drugs, three who had surgery, and one who had a collar) had improved polysomnograms. Their mean disordered-breathing rates fell significantly from 63-8 episodes an hour to 30-8 (19-7) episodes an hour (p < 0-01) and the maximum percentage fall in oxygen saturation during apnoeic periods in non-REM sleep was reduced from 36-9 (19-2) to 12-6 (10-2) (p < 0.01). Eleven patients had no improvement in polysomnography: their disordered-breathing rates did not change (55-3 (20-7) baseline, 52-6 (33-8) followup; p > 0-5), and their maximum percentage fall in oxygen saturation was unchanged (25-1% (16-1%) baseline, 26-1 (18-7%) follow-up, p > 0-5).
The relationship of serial measurements of inspiratory flow rates when the patients were awake to the results of polysomnography is summarised in table 3. PIF and FIF N increased significantly (p < 0-05) in patients with improvement in their sleep-disordered breathing. PIF worsened (p < 0-05), and FIF.0 was unchanged in patients without polysomnographic improvement at the time of their follow-up examination. Mean FEF5O:FIF 5 was unchanged in both groups, but changes in the configuration of flowvolume curves occurred in eight patients. In six the baseline flow-volume curves were consistent with upper airway obstruction and reverted to a normal pattern after treatment, and all of these had improved polysomnograms. One patient whose sleep 612 Haponik, Smith, Kaplan, Bleecker group.bmj.com on November 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from Flow-volume curves and sleep-disordered breathing: therapeutic implications Abnormalities of flow-volume curves not only were associated with obstructive sleep apnoea but also correlated with its severity. Patients with airway dysfunction while awake had more severe nocturnal hypoxaemia and more medical complications that required surgical intervention. Furthermore, improvement in upper airway function while they were awake was associated with a decrease in the severity of the sleep-related breathing disorder. Increased awareness has resulted in the more frequent diagnosis of obstructive sleep apnoea. Treatment for this disorder continues to evolve, however, and there are no absolute guidelines for surgery. Tracheostomy"9 20 has become the established mode of treatment for patients with obvious anatomical upper airway obstruction or life-threatening cardiovascular complications. The latter occurred in only seven (9.7%) of our patients, and was less common than previously suspected." In patients with less severe clinical manifestations of sleep apnoea tracheostomy may be unacceptable. Furthermore, the availability of less invasive forms of treatment 1348 21 25-29 may further modify the need for surgery. In our group of patients hypersomnolence was the major reason for surgery and accounted for 64% of those in whom such treatment was recommended. The fact that the degree of oxygen desaturation was more severe in this group than in the non-surgical patients with fewer symptoms supports the hypothesis that hypoxaemia may be responsible for much of the excessive somnolence associated with obstructive apnoea. 10 31 The relationship between the results of flowvolume curves and polysomnography might have been anticipated in patients with obvious anatomical upper airway abnormalities, but they represented only 8% of our patients, and only 24% of those in whom surgery was advised. This low frequency of upper airway abnormalities apparent in the patients when awake probably reflects the relative insensitivity of conventional techniques for the assessment of the upper airway. When computed tomography is used for evaluation of pharyngeal structure, airway narrowing is detectable during awake periods in most patients with obstructive sleep apnoea.7 We believe that the flow-volume curves reflect this upper airway narrowing and, in addition, the tendency for the airway to collapse during forced inspiration.
Since flow-volume curves are useful in the assessment of upper airway function, we might predict that improved flows would correlate with improvements in obstructive apnoea. As can be seen, increased inspiratory flow rates were associated with decreases in the disordered-breathing rate and in the degree of nocturnal oxygen desaturation. Furthermore, the conversion of an abnormal configuration of the flowvolume curve to a normal pattern, suggesting a decrease in upper airway obstruction, correlated with polysomnographic improvement. Even though the changes in inspiratory flow rates were small, they were associated with significant improvement in the severity of obstructive apnoea, emphasising the delicate balance that exists between the forces maintaining upper airway patency and those producing airway occlusion.
It was not surprising that improvement both of inspiratory flow rates when patients were awake and of sleep-disordered breathing occurred after the surgical correction of obvious anatomical upper airway obstruction in three of our patients. Similar postoperative changes in flow-volume curves have been seen in patients without sleep apnoea. 32 The increased PIF and FIF50 of the patient treated with a cervical collar are also consistent with improvement 
